Results of ab initio total-energy calculations are used to calculate efFective atom-atom interactions in a lattice-gas model for the binary alloy Li Al for O~x~1. The statistical mechanics is solved at finite temperature to obtain the ab initio chemical potential of lithium in Li-Al alloys as a function of composition x. We compare our calculated results with the experimentally measured chemical potential from an electrochemical cell. Predicting chemical potentials from first principles will be important for understanding technologically important intercalation compounds used for advanced battery applications.
E"h =4JO+ Ji(cr, +cr2+o, +04). 
x) for LiyA1, where X' is the number of Al atoms. Since p'(y) = (1/N')(BF'/By ), we have +J, +4J2(x2+x3+x4)+8J3 (x2x3+x3x4+x4x2) e V(y) = pL; -(1/N')(BF'/By ),
+8J4x2x3x4 (17) where pL; is the chemical potential of lithium metal. The free energies of and for bcc B(E"h) (Li"A1, ") and Li q(, )Al must be equal therefore, to
Then BF'
F(x, T) =(1 -x) +F(x, T) . 
where k~i s Boltzmann's constant ( k~= 8. 6173 X 10 eV/K) and the summation is over the four sites in the tetrahedral cluster. The grand potential 0 is Fig. 3 Fig. 4 , where some hysteresis for the bcc lattice is evident.
Below p=1.9 eV the fcc structure is preferred, and for p&1.9 eV the bcc structure is preferred. The switch from fcc to bcc at @=1. 9 eV involves a large change in composition, by = 1. The final mean-field-theory voltage curve is shown in Fig. 5 (a) for T = 300 K.
The mean-field approximation often distorts the results near critical points and more importantly, for our purpose, it shifts critical points from their true values. 'Therefore, we have recalculated all quantities using the Monte Carlo technique. ' Monte Carlo makes no approximations for the many-body correlations but does suffer from finite-size effects and statistical noise. These problems are most severe when calculating Auctuation quantities such as heat capacity and susceptibility. For our purposes no fluctuation quantities are required, just the free energy and x. Calculation of the free energy by Monte Carlo is complicated because the free energy cannot be expressed as the expectation value of an observable. ' We use Ferrenberg's and Swendsen's multiple histogram method, ' which allows one to obtain accurate estimates of the free energy and all other quantities as continuous functions of p. Histograms where calculated for 171 values of p in the range 1.5~p~3.2, which encompasses the whole range of 0 x~1 (or 0 y oo) for both lattices. The simulation lengths were 10000 Monte Carlo steps per site for each p. As in the mean-field calculations, the simulations were done twice by ramping p both up and down in order to find the equilibrium behavior.
The calculations were carried out for a 4 X4X4 unit- Fig. 5(b) . 
IV. COMPARISON WITH EXPERIMENT

